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INTRODUCTION
The quality of one's speech, depends more or less
upon his hearing. Every person with normal hearing,
unless he has a speech Impediment, could have normal
speech. The acquisition of speech In a normal person
Is a gradual process beginning about the first year
and continuing over a period of years. This acquisi-
tion is brought about largely through Imitation of the
sounds as they are heard. Lack of hearing places the
deaf child at an enormous disadvantage as he has only
visual imitation with which to acquire a spoken vocab-
ulary. Again, as a rule, the deaf child has no pre-
liminary instruction before he enters school. Accord-
ing to Jesperson, a hearing child passes through regu-
lar consecutive periodsIn his speech development. So
In this respect, also, the deaf child's development
varies from the normal. Consequently, because of this
unavoidable delay in beginning his speech development,
and because of the artificial means which must be em-
ployed to teach him, it is only natural that his speech
differs from that of the hearing child.
It is safe to say that a large majority of deaf
pupils in sohools for the deaf have no structural de-
* Quoted by Ewing (2, p. K.)
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feets In their speech mechanism. Therefore, any im-
pediment in their speech is due to functional defects.
Their defective speech, then, is a result largely of
their lack of hearing and a subsequent Inability to
correct their own speech. Even the slightest degree
of residual hearing is of value in overcoming their
defective speech.
Observation has shown us that the speech of deaf
children exhibits varying degrees of unintelligibility.
It should be possible, by experimentation, to point out
definite factors which make for unintelligibility in
the speech of a group of deaf children. A survey of
the speech of a large group of deaf children should
show that some of these factors which we may call
"errors" are recurrent throughout the group. Possible
errors which may be found in the speech of any group
of deaf children are:
%4 Errors of articulation: (a) Consonants and
(b) Vowels
2. Errors of speech breathing, or Improper phras-
ing.
3. Errors of word accent, and speech rhythm.
It Is my purpose to record the speech of a large group
of deaf children, to analyze this speech in order to
discover definite factors which make for unintelligi-
bility, and to classify these factors into general
categories.
It may be well at this point to distinguish, be-
tween good speech and intelligible speech. Speech may
contain errors of Tarious types and still be intelli-
gible. For example, the lisp is one type of error which
is frequently encountered; and yet it does not materi-
ally affect intelligibility. Infantile speech is imper-
fect, but it may be understood. The speech of foreign-
ers contains errors of word-accent, rhythm, and articu-
lation; and yet it may be intelligible. Some deaf pu-
pils have lost their hearing after they have acquired
a spoken vocabulary. These pupils usually retain their
speech rhythm and the general dynamic patterns of speech
structure; and although they neglect their vowels, and
voice quality deteriorates, their speech may be under-
stood easily. In our findings we shall be concerned
only with those errors which have caused the speech to
be unintelligible to at least one auditor. I shall pre-
sent in the pages which follow:
1. A review of significant literature bearing upon
this problem,
2. The apparatus and methods of experimentation,
3. The results in terms of general categories of
errors as found in the entire group of subjects
tested,
k. A further analysis of the categories in (3)
with regard to the three degrees of hearing
loss in the subjects,
A discussion of the findings and conclusions-.
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II* A REVIEW OF PREVIOUS LITERATURE RELATED TO THIS SUBJECT
So far as I have been able to find out, there has
been no previous attempt, experimentally, to work out,
in connection with the articulatory errors leading to
unlntelllgibility In the speech of the deaf child, those
aspects of the problem which are here presented. The
study most closely related to it was made by Dr. C. V.
Hudgins, of the Clarke School, in 193k (k). This was
a comparative study of the speech coordinations of deaf
and normal subjects; and the kymograph!c method was used
for the experiment. A group of twenty-five normal sub-
jects and a group of sixty-two deaf subjects were used,
and the breathing movements and other aspects of their
speech were compared. Each group of subjects was re-
quired to repeat phrases of different lengths while
tracings from the breathing muscles and of the air pres-
sure outside the mouth were recorded. The deaf subjects
were divided into three classifications, A, B, and C,
established by previous tests with the modified 2-A
audiometer, that we have used in this study. In his
article, Hudgins states that the various abnormalities
found in speech preclude the establishment of any stand-
ard deaf speech, and that hence the only standard speech
to be recognized is that of normal Individuals. In his
summary of the function of the speech mechanism, he
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mentlons In order, (1) The Speech Muscles * a section
In which he explains their interaction; (2) The Chest-
Abdominal Posture
, a section in which he differentiates
between the ordinary breathing coordination and speech
coordination; (3) The Movement of the Syllable , a sec-
tion in which he says that the smallest unit movement
of speech is the movement of the syllable; (4) The Move-
ment of the Phrase , a section in which he explains sylla-
bles in normal speech are usually grouped into "breath
groups", or phrases, which movement is a result of a
unitary movement of the abdominal muscles; (5) Move-
ment of Accent , a section in which he further states
the phrasing movement rises to a maximum at the point
of the phrase aooent on a given syllable in the kymo-
graph record, while the subgroups which have secondary
aooent do not rise so high; and (6) The Movement of the
Consonant , a section in which he points out the conso-
nant has but two functions, that of releasing the
syllable pulse, or that of arresting it.
In the summary of his investigation, Hudglns points
out the following abnormalities in the speech of the
deaf:
1. Extremely slow and labored speech, usually
accompanied by high chest pressure and ex-
penditure of excess amounts of breath per
phrase.
2. Prolonged vowels with the consequent distor-
tion of these sounds,
3, Abnormalities of rhythm,
k. Excessive nasality of both the vowels and the
consonants.
5, Improper function of consonants with the con-
sequent addition of extra syllables between abut-
ting consonants.
He concludes, also that there is a high correlation be-
tween the degree of abnormality and the degree of hear-
ing loss, and that subjects who became de£f after hav-
ing learned to speak normally still retain normal speech
coordinations,
Rawlings, (7), in 193 1*-, made a comparative study
of the speech and quiet breathing of deaf and normal
subjects. Kymograph recordings were made of the breath-
ing muscles during speech and also during quiet breath-
ing, A summary of his findings reveals the following
abnormalities in the speech of the deaf subjects:
1. The deaf child uses extremely slow and labored
speech,
2. Speech is accompanied by excessive expenditure
of breath,
3. There are abnormalities of rhythm,
k. The deaf child is inclined to articulate all
consonants as releasing consonants.
5« Measurement s show that an equal amount of
breath is expended by normal subjects In
speech and quiet breathing over a specified
period of time.
6. The deaf expend more breath in speech than
they do in quiet breathing over a given period
of time.
7. The deaf expend more breath in speech than do
normal subjects over a given period of time.
g. There is a high positive correlation between
the degree of abnormalities and the degree of
hearing loss.
9. Subjects who became deaf after having learned
to speak normally have retained normal speech
coordination.
10. The muscular movements involved in speech by
those children who have received residual
training compare more closely to the normal
than do those who have received none.
In a more recent paper, Hudgins (5) has referred to
the fact that more profoundly deaf children have a great
difficulty in making the voice-breath distinction, es-
pecially in stop sounds. He presents data showing how
fifteen profoundly deaf children could not differentiate
between the voiced and breath consonants before training,
but were trained to make this distinction by visual aid
-9-
whlch presented a visual aspect of the buccal pressure
of these two types of consonants.
The above-named investigators studied speech from
the standpoint of the movements Involved; they studied
both the breathing and the artlculatory movements. In
the present problem the approach Is from the standpoint
of acoustics. That Is to say, speech sounds Instead of
speech movements are studied and analyzed. In spite of
the difference In the two methods, however, I find many
points of agreement.
As an example of the acoustic approach to this
problem Voelker, (9) in 1935, studied the speech of
deaf children, and made a comparison between the speech
of the deaf and that of their teachers and of normal
hearing children of the same age. By means of the
strobophotoscope, he obtained data on pitch changes,
duration of phonation, and length of pauses. A brief
summary of his results follows:
1. Eighty per cent of the deaf had less average
maximum pitch change than the normals.
2. The greatest average maximum pitch change for
the deaf was 6.6 semitones; for the normals,
0.6 semitones. The minimum for the deaf was
.9 semitones.
3. The maximum phonetic duration for the deaf
was l.£5 seconds in comparison with .k seconds
-10-
for the noraale.
The intervals "between phonations were greater
than the phonations themselves in the sen-
tences as spoken by the deaf group.
5. On the average, the deaf took almost four times
as long to say a sentence as did the normals.
6. On the average, the deaf used three times as
much phonation to say a sentence as the nor-
mals*
Ill, METHOD
A. Apparatus.
In any intelligibility test in which the speaker
and the auditor are face to face, lip reading, either
consciously or unconsciously, plays a large part.
Teachers, especially, are likely to be aided in under-
standing the speech of deaf pupils by lip reading. In
this experiment, the possibility of lip reading as an
aid has been eliminated through the use of an electric-
al sound recorder which records the speech to be test-
ed. Another factor which aids in the understanding of
this type of speech in the class room is the familiarity
of the teacher with what the deaf child is saying, and
her ability to anticipate his speech by her knowledge
of the context. The use of unrelated sentences as
material for this test obviates this factor.
A high-fidelity electrical sound-recording equip-
ment was used for the entire experiment. The voices
were recorded in a sound-proofed room. The recording
medium was, for the most part, ten-inch cellulose-acetate
records; three aluminum records were also used to fill
in. Recordings of at least two voices, and in some cases
three, were made on each side. For the best results in
the beginning, we experimented with the apparatus, and
made adjustments until the voices of hearing subjects
-12-
recorded satisfactorily.
In reproducing the records for the auditors, a
good ¥ictrola was used. Bamboo or thorn needles gave
the "best results. Usually the voices of only two chil-
dren were reproduced at any one sitting, so as not to
tire the auditors; in some cases, as many as three
were reproduced.
B. Test Material ; Sentences , and Recording Procedure .
Each child was given a group of ten unrelated sen-
tences to read. No two groups were alike. The senten-
ces varied in length from four to fourteen words. Care
was taken to select only words that the children would
be able to pronounce easily. Ho attempt was made to
"load" the sentences with any particular type of element-
combinations. Only one child at a time was sent to the
sound-proofed room. He was given a list of ten sentences
and allowed to read these sentences silently several
times. Then he was required to read the sentences oral-
ly at least once before the recording, so as to be sure
of the pronunciation. During the actual recording, the
child stood before the microphone and read one sentence
at a time, then waited for the signal to begin the next.
The cutting head in the reoorder was lifted from the
record for a brief interval before the next sentence was
recorded so that the sentences might be properly spaced
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on the record. The microphone was adjusted to fit the
height of each pupil. Por proper Identification, as
each child* s voice was recorded, his name and number
were written on the envelope containing the record. This
information was also scratched on the record itself. In
case of a defect in the construction of the record, or
if a defective recording occurred which would interfere
with the Intelligibility, that sentence was noted and was
not used in the final auditions. A typical set of ten
sentences Is included on page 8"+.
C. The Auditions .
After all the sentences had been recorded, the audi-
tions were begun. For each audition a group of auditors
urns assembled and Instructions were given them. An at-
tempt was made to include in each audition a number of
teachers who were familiar with the speech of the deaf
and another group of people who were unfamiliar with this
type of speech. The Teachers-in-Tralning formed the
nucleus of this latter group. Haturally, the speech was
expected to be more Intelligible to the teachers. The
number of auditors varied from five to sixteen, depend-
ing upon the number that could be assembled at any given
time. The average number of auditors for an individual
subject was eight. The auditions were held at regular
periods during the day, one group meeting during the noon
recess, and the other group during the early part of
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the evening.
At the beginning of each audition, an audition sheet
was given to each auditor. (A sample Is Included on
page $3). Each sentence spoken by a deaf child was ire-
produced three times, and each auditor was asked to write
down In the spaees Indicated what he thought the child
said at each reproduction. Ho discussion was permitted
until the ton sentences for a given subject were repro-
duced; each auditor depended upon hie own hearing acuity.
Each auditor wrote the full amount of each sentence that
he had heard even though that amount consisted only of
single sounds. The following instructions were read to
each group of auditors before the auditions began:
"Xou will hear recordings of the speech of deaf
children. The material which they will speak
consists of short unrelated' sentences. One
sentence will be reproduced, and you will write
down what you hear or what you think the child
said. The sentence will be repeated as many
as three times if you do not understand it the
first time. Please write down what you hear at
each reading. Please do not guess at what the
child says but write down as nearly as you can
what you think the child said. The forms for
writing down your Judgments contain spaces for
your own name, that is, "Auditor", the pupil 1 s
name, his grade and age, the record number and
score. Please fill in your own name and leave
the other spaces blank until you are advised
what to write In them. After we have completed
Judgments for any one pupil, you will be told
his name and record number. Xou will write these
in the proper spaces. Each child will read ten
sentences. Each of these sentences will be re-
peated as many as three times. The papers on
which you reoord your Judgments contain Soman
numerals I-X. Under each of these, there are
arable numbers 1, 2, ana 3. These latter Indicate
the spaee for writing your Judgment for each
repetition. The sentences will be reproduced In
the regular order. Please be careful to write
each sentence opposite its proper number. Please
do not look at your neighbor's paper or compare
notes until you hare completed the ten sentences. H
D. The Subjects .
The eighty-seven pupils used in this experiment
were furnished by the Middle and Upper Schools at Clarke
School for the Deaf. Every available child in these two
departments was used. The Middle School group included
the grades third to fifth, and the Upper School group
included the grades sixth to eighth, inclusive. The ages
of the pupils ranged from eight to nineteen years.
S. The Analysis of the Data.
1. After the auditions of the eighty-seven deaf
subjects had been made, the analysis of the data
was begun. Dr. Hudgins and I collaborated in this
operation. The procedure was as follows:
a. One of us reproduced a recorded sentence,
while the other transcribed as accurately
as possible what the deaf child bad said,
without looking at the printed form of the
sentence.
b. Both of us discussed the transcription from
the point of accuracy. Where there was a
reasonable doubt, the sentence was reproduced
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a sufficient number of times for us to
reach agreement,
c. The transcribed sentence was marked for its
rhythm and accent* and the type of rhythm
was tabulated.
d. Each, audition sheet was read, and the final
judgment of the auditor was written down on
the analysis sheet when errors had been
made in the child's speech.
e. A summary of the significant errors was made
which Included the auditor's interpretation
of the words incorrectly spoken. Cases of
agreement upon mispronounced words by more
than one auditor and the number of times this
occurred were noted. The type of errors was
marked in each case. Our Judgment as to the
cause of the difference between the auditor^
interpretation and the printed sentence
which the child had read was also noted.
2. The second step in the analysis of the data was
to collect all errors made by each child and to
place them in their proper categories on a special
form of analysis sheet. This special sheet was a
convenient form for summarizing the data, and it de-
creased the possibility of error in making the analysis.
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One sheet isas used for the errors of each child*
In the analysis of the data, I shell chow a correla-
tion botTTOon the number of errors and the decree of hear-
ing loss, This will he based on the classification of
the pupilg established by Dr. auth Guilder and Miss
Louis© Kopfcina, o? the research department of Clarke
School for the Deaf, on the basis of audiomctric tests
\7lth the 2A eudiometer, 1935)* Sfi 1*0 article, the
ftuthors say, p.Hj •The data analysed consists of oudio-
niotrio readings by air and bono conduction on 100 mem-
bers of the upper and middle schools in the fall of 1934.
The pupils sere uneelected as to the cause of deafness,
character or degree of hearing loss, and may, therefore,
be considered a fair sample of Clarice School^ older
pupils, ranging in age from nine to twenty years.......
Tests were carried out in a sound-proof laboratory under
controlled conditions. • . .The amplified 2-A audiometer
ma used throughout this study......The classification
is based on four main divisions, called classes, and
designated by the ftorssn numerals I, H, XXX. and IV, ac-
cording to the type of the graph, and on three j^foffifc clogs,
designated by the letters A, a, and C, according to the
level of the graph or the amount of residual hearing."
Then follows a description of the four classes v&lch is
unnecessary for our purpose. We shall be concerned only
with the A, B, and subdivisions which these authors
describe as follows, p* 23 "The A, B, and subdivisions
have been made on a definite mathematical basis, so that
from the standpoint of amount of residual hearing, the
four A, B, and subdivisions are to a certain extent
comparable, Subdivisions A constituting a hard-of-hearing
group, Subdivisions B, a partially deaf group, and Sub-
division G, a profoundly deaf group Classification
and analysis of audiograms have been based on the type
of the graph of the better ear,*
IV. RESULTS
The results of this experiment show that the errors
fall into three main groups,—consonant errors, vowel
errors, and errors of rhythm. I shall confine my dis-
cussion to consonant and vowel errors. The consonant
errors will he divided into seven categories. Each of
these will he described and will he accompanied by sig-
nificant examples taken from the auditors 1 sheets. The
vowel errors will he divided into six categories. Each
of these will be described in the same manner as the
consonants, and examples will be furnished.
The subjects have been arranged into a classifica-
tion according to the degree of hearing Iobs. The
classification was established by Dr. Guilder and Miss
Hopkins on the basis of audiometrie tests with a modi-
fled 2-A audiometer. Tables are shown giving the num-
bers of the various types of errors made. For each table
shown there is furnished also an accompanying table in
terms of per cent of the total errors. An examination
of both tables reveals the number of errors made in rela-
tion to the total number of possible errors for each
category.
A. Consonant Errors.
Analysis of the data shows that there are seven
types, or categories, of consonant errors. Each of these
20'
categories is described below, and examples represent-
ing eaoh type, taken from the auditors* sheets, are pre-
sented. Table I shows the absolute frequency of occur-
rence of the seven error categories, and also the per
cent of error in terms of the number of errors possible.
In order to obtain the per cent of error for each cate-
gory, it was necessary to know the total number of pos-
sible errors. This total is represented by the total num-
ber of various types of consonants and vowels in all the
sentences read by all the subjects. Instead of counting
Table I
Absolute frequency of occurrence of consonant and vowel
errors for each category, and the per cent error in terms
of possible errors.
Categories
1 2 3 4 5
Absolute
Per cent
cons,
cons.
error
error
315
5.0
6
131
1.5
Total
269
30.0 4.g
Absolute
Per cent
oons.
cons.
error
error
292
9.3
424
7.5 7.5
1 2 4 5
Absolute
Per cent
vowel
vowel
error
error £5
6 7 Total
64
l.l
164
2.4
Absolute vowel error *3 724
Per cent vowel error .63 3.9
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all the various types of oonsonants In the B~?0 sentences
spoken by the BJ subjects, I have counted them in 100
unselected sentences and derived the averages for each
of the seven consonant categories. The same has been
done for the vowel errors, I have used these derived
averages as being representative of the possible chances
for errors in the respective categories of consonants
and vowels in the $7° sentences. Tables II and III show
the averages, along with the measures of reliability, of
the seven types of possible consonant, and the six types
of vowel errors contained in one sentence. The seven
consonant error categories were as follows:
A. Consonant errors
1. Confusion of the voice-breath distinction.
2. Substitution of one consonant for another.
3. Control of the velum, nasalization of non-
nasal consonants and failure to nasalize
nasal consonants*
Mal-artlculatlon of the compound consonants;
I.e., splitting up the compound, or leav-
ing out one member of the compound.
5. Mal-artlculatlon of abutting consonants.
6. Hon-function of the final or arresting
consonant; frequent substitution of the
glottal stop for it, or merely having the
vowel "tail off*, making a releasing
consonant of the arresting.
7. Non-function of the releasing consonant;
especially in cases of r, 1, th, s, etc.
•22-
1. Confusion of the voice-breath oonsonants .
From the acoustic point of view, the primary dif-
ferences between voiced and breath consonants lies in
the fact that one hears an audible laryngeal tone during
the closure of the voiced consonant and a complete^or a
voiceless hissing sound during the breath consonant.
Prom the point of view of the articulatory movements in-
volved in the two types of consonants, there is a decided
difference. This difference has been demonstrated by
Hudglne and Stetson (6) who found that normal speakers
Table II
Average number of consonant errors possible in a single
sentence and measures of reliability, based upon a sample
of 100 sentences.
Type of error Ave.
1
S.B.dis
2
S.D.ave.
1. Voice-breath 7.33 2.44 .24
2. Substitution 10.15 2.15 .22
3* Nasal and non-nasal 10.15 2.15 .22
4. Compound consonants 1.05 «* .09
5. Abutting consonants 2.30 1.2 .12
6. Arresting consonants 3.60 1.64 .16
7. Releasing consonants $.52 1.63 .IS
Total possible cons, errors 41.10
1. Standard deviation of the distribution.
2. Standard error of the average.
-2>
obtaln voice during the occlusion of stop consonants "by
manipulating the air pressure in the supra-glottal and
sub-glottal cavities. Deaf children have great diffi-
culty in learning the devices by which the pressures are
controlled (5); so this confusion of the voice-breath
consonants is one of the commonest faults in speech of
the deaf. In this investigation there were 315 errors
of this type out of a total of 17^5 consonant errors or
a percentage of 17.65. There were 635* possible chances
of error, or 6351 voiced and breath consonants in all
the test sentences given the group of eighty-seven sub-
jects. The number of errors of this type made by all
the subjects was 315. The per cent of errors to the
total number of chances is therefore ^.S. This con-
.
stituted the second largest group of consonant errors.
Table III
Average number of vowel errors possible in a single
sentence and measures of reliability. The figures are
based upon a sample of 100 sentences.
Type of error Ave. S.D.dls. S.D.ave.
1. Substitution 1.9S .20
2. Split diphthong
3. Drop, final member
of diphthong
.92 M ,06k
Diphthongization of
pure vowels
6.76 2.1s .22
5. Neutralization-vowel
a
7.39 1.9& .20
6. Nasalization of vowels 7.*9 1.9J5 .20
Total possible vowel 32.27
errors.
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A few illustrations may show the Influence of such
errors as these upon the Intelligibility of a sentence.
It must he horn in mind that the sentences in this ex-
periment were unrelated* consequently the auditors were
not aided in understanding by anything said in the pre-
vious sentence. If the word in which the error occurs
is the key word, or the word upon which the sense of the
sentence depends, it is probable that the whole sentence
will be either unintelligible or misunderstood. And it
will be seen that confusion in understanding one conso-
nant will lead to misunderstanding of other consonants.
Auditors are forced to grope for a word to replace the one
which is unintelligible.
In record 2-A1 the sentence "we hare a new £irl in
our class" was heard as "we have a new oar in our class*,
by four auditors. In record 19-A2 the sentence "Did you
learn the poem? * was heard by one auditor as "Did you
learn a bone?" In the same record, in the sentence "The
table was painted green", G in green was given without
voice. As a result, the word was heard as "cream" by t
six auditors, and as "clean* by one. In the same sheet,
in the sentence, "The boy had a bad dream", the d in
"dream" was spoken without voice. As there is no such
word as "tream", three auditors heard it as "cream" and
one as "queen".
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2. Substitution of one oonsonant for another.
One of the commonest substitutions is w for r. This
is due partly to the difficulty in learning to produce
the English r. A foreigner whose native language con-
tains the gutteral r will make the same substitution.
This substitution makes a great difference in the sense
of /the sentence. For example, the sentence "The tvro were
red," becomes "The two were wed". Whether alone as an
Initial or in an initial compound consonant, this sub-
stitution may occur; in either case it is confusing. Oc-
casionally we find the breath wh used, as a substitute for
initial r. For example, in record &-A1 we find "wren*
heard as "when. " Another type of substitution occurs
when there is a complete closure for 1. Thus, in record
10-SL "Polly* becomes "potty". In the same record,
"lamb" becomes "dam". In the same record, "some" becomes
"chum'1
,
showing that a complete closure may occur in
initial & and the sound may be understood as eh or t. In
the same record, "Sally" becomes "yally", showing that
instead of making a closure for s., the pupil takes the
position for a and does not give sufficient breath to make
it intelligible, or that the occlusion is too open. The
resulting action in combination with other sounds gives
S the effect of initial £. Another frequent substitution
is a for ah. In record 1>-A1 we find "wish" heard as
"wis" and "sharp" as "sarp" and "shun" as "sun". Record
-26-
10-B2 contains such errors as this: "some" heard as
"shun", "fish* as "fis". Along with ai, another "contin-
uant" may become a complete closure. For example, in
5-KL, "shop'1 beoomes "chop"; "she" becomes "chee"; and
"sharp" becomes "charp ,, . In S-A3 "shoes" becomes "sooz".
There are SS13 possible chances for errors, or
3gl3 consonants, in all the test sentences given the
group of subjects. The number of errors of this type
nade by all the subjects was 131. The per cent of er-
rors to the total number of chances, therefore, is 1.5-
This category makes up of the total number of conso-
nant errors.
3* Control of the velum, or nasalization of non-nasal
consonants , and failure to nasalize naaal consonants.
To Illustrate, £ or b. may be given as a; or m
may be given for £ or b. Or a nasal sound may be super-
Imposed on a non-nasal consonant. For example, "did"
may be pronounced "didn", or "woman" may become "woraban*.
Improper control of the velum frequently caus3s deaf chil-
dren serious difficulties. One peculiar feature of this
type of error is that often the nasal consonant is spoken
as a non-nasal consonant, while the non-nasal consonant
is nasalized. In deaf pupils, there seems to be an en-
tire lack of control. In such cases, the entire speech
may be either very nasal, or it may lack nasal quality.
In our experiments the continuants such as s, sh, f and th
are the olaas of consonants which have suffered most from
nasalization. This class of consonants depends for its
intelligibility upon the stream of breath flowing under
relatively high pressure; it is this flowing breath which
muist be heard* When the velum ia partly open, the stream
of breath escapee through the nasal passages. It thus
loses its force. High buccal pressure under these condi-
tions is impossible, and the consonant does not function.
Acoustically, it is a nasal sound but of a type unknown
in English.
In Record 9-A2, in the sentence, "Our cook makes
good coffee", the £ ln "coffee* was very nasal. As a
result, four auditors registered a blank for "coffee*;
four heard it as "Johnny"; one heard it as "evening" j and
one, as "don*t be". In the sentence, "Do you help your
mother?", "help" was spoken as "elm". Sight auditors
heard this as "have", a natural interpretation, as the
continuant-sonant v was heard as the nasalized £, which
thus becomes a continuant. "Mother" was heard by two audi-
tors as "minutes", and by one as "money". As these were
the key words, there was nothing left to guide the audi-
tors. In "My new note paper is blue", the entire syllable
"blue" was very nasal. It was heard as "ruled", "spoons",
"school" and "gone". Three auditors made no attempt to
Interpret it.
There were 213 errors of this type out of a total of
«-2£-
1755 consonant errors, or a percentage of 11. $. Out of
g£L3 possible chances for errors of this type, the
eighty-seven subjects made 213 errors. Hence the per
cent of errors to the total number of chances Is 2.H.
k. Kal-articulatlon of compound consonants , both initial
ajx^. final . Two types of mal-artleulatlon appeared:
(1) The compound consonant was split up Into Its compo-
nent parts, for es^mple "sunow" for "enow* , and "henus" t
for "hens". (2) One member of the compound was dropped,
such as "treet" for "street". In type (2), 1 and j», as
the second member of the compound consonant, were drop-
ped most frequently. The difficulty of producing r has
already been described. In producing a releasing i, the
tip of the tongue must be rather wide, blocking the
major portion of the oral canal, leaving only narrow
lateral passages. From this position, it must spring
away rapidly in order to release the following vowel.
This quick tongue movement can be distinctly heard. If
it is not given, ^ merely "subsides* into the following
vowel and becomes part of It, with no trace of 1 as a con-
sonant.
When a compound consonant is split, two syllables
are spoken instead of one, thereby spoiling the rhythm
and Interfering with the intelligibility. An example of
a final compound consonant which was not articulated cor-
rectly occurred in the sentence, "Alfred climbed a tree",
In record 11-A2. The subject pronounced "climbed" as
"clim-bud". One auditor heard this two-syllable combin-
ation as "done bit", and another as "don — ". An exam-
ple of a defective releasing compound consonant occurred
in reoord I9-A3, in the sentence, "The snow is not very
deep". The subject pronounced "snow" as " sunow* . Hence
"the snow" was heard as "this is no", and "there is no".
Record 1S-A3 contains the sentence, "Can you see
the slate from over there? 1 The combination si In
"slate" and that of fr In "from" were very poor. "Slate"
was heard as "shay", "show", "chair", "shave", "train".
Four auditors registered blanks for it. "Prom" was
heard as "some" by three auditors, and as "the" by
four; and the remainder heard it as the first syllable
of the following word. In "Why do you walk so slowlyT",
a weak 1 in the combination si in "slowly" caused three
auditors to hear "slowly" as "sorry", three others did
not understand it at all. Among the auditor group, one
teacher recognized the word "slowly". This was due to
the fact that she was familiar with the abnormal speech
of the deaf. In "Put the stopper Into the bottle", the
Jt in the combination at in "stopper" failed to function.
So "stopper" was heard as "coffee", "salt", "proverb",
and "salty". In "Wash your face and put on a clean
blouse", the ol In "clean" and bl in "blouse" failed to
function. Consequently, "a clean blouse" was heard as
"a - -", "at Gawlth Hall", H- - Alps", and "again -".
In "She put her arms around the dog", the ms was faulty
as a final combination in "arms*. Consequently, "She
put her arms" was heard as "She put it on", and as "she
put her arm". In "Birds fly south in the fall", the
final combination ds failed to function in "birds". As
a result, four auditors failed to hear "birds", thereby
losing the sense of the sentence. Two heard "birds" as
"Bill".
Mal-articulation of compound consonants constitutes
the fourth largest group; 269 errors were made out of a
total of I7S5 consonant errors, or a percentage of 15.
There were 931 possible chances for error, or 931 com-
pound consonants in all the test sentences used. A total
of 269 errors of this type made by the eighty-seven sub-
jects, therefore, shows a percentage of error of 30»
5. Mal-articulation of abutting consonants, either In
polysyllabic words or in linking two separate words .
Abutting consonants consist of one arresting and
one releasing consonant; their function in normal speech
consists of linking syllables and words together within
the phrase. When such consonant groups are not properly
articulated, the phrase falls apart, with the frequent
addition of an extra syllable between the two consonants.
This type of error breaks up the rhythm and also leads
to misinterpretation of phrases. Thus "football" be-
comes "footu ball", and "on the street" becomes "onu the
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street". Because of their less frequent occurrence, this
type of error forms the smallest number in all the cate-
gories. Ninety-seven errors occurred out of a total of
1735 consonant errors or a percentage of 5.4. There were
1992 possible chances for errors, or I992 abutting con-
sonants, in all the test sentences given the experimental
group. The ninety-seven errors made constitute Kt% of
the 1992 possible chances.
Record 7-B1 contains the sentence, "What kind of wood
is that?"; the subject said "Whatu kindu ofu wood isu
that?", thus making 10 syllables out of 6. The first
part, "Whatu kindu" was heard as "we are going", "were
you going", "when a game", "we gave you", "when you
get" and "we came from".
In Record 19-A2, "Buy me some popcorn", the "popcorn*
was pronounced by the subject as "popu corn*. This was
heard as "paper coins* by two auditors, and as "paper
clothes* by another.
In Record I9-A3, in the sentence, "The train was
late on Sunday", "on Sunday" was pronounced "onu Sunday".
This was heard as "on a sailboat", "on a shinbark", and
"on a steamboat*.
6. Ron-function of the final , or arresting consonants .
A glottal stop may be substituted for the final
consonant, as "no" for "not"; or the final consonant moves
over to the releasing-position consonant as "bedu" for
"bed". Again, a word may end In a continuant as in
"puff". In this word, the intelligibility depends part-
ly upon whether or not the stream of breath is heard in
the final sound. This stream of breath depends on a
high buccal pressure; if the arresting action is lack-
ing, there will be no buccal pressure, and the "consonant"
becomes a mere gesture, added after the syllable is
over. Also the child may nasalize a final consonant
beyond recognition. This type of error has been dis-
cussed under category 3.
In Record 6-B1, in the sentence, "Artists paint
beautiful pictures", the pupil said, "pain" for "paint".
And in "Artists" the ts was omitted from the final com-
bination. So for "Artists paint", one auditor heard
"Heart Is paying" j another heard "what is *; and an-
other, "What is paid*. In the sentence, "Wheat Is one
of our best foods", the final da. is "foods" was mutil-
ated. Two heard "test tube* for "best foods"; another
heard "fetch you"; while six auditors failed to under-
stand anything.
From the point of view of numbers this was the third
largest group of errors. Out of a total of 17^5 con-
sonant errors, 292 arresting consonants were defective,
or a percentage of 16. 3. There were 30gg possible
chances, or 30SS arresting consonants in all the test
sentences used. Since there were 292 errors, the per
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cent of errors to the total number of chances Is 9.4.
7- -Non-function of the releasing, or Initial eonso-
nant.
The releasing consonant releases the syllable. The
action Is a closure or partial closure of the vocal
canal followed by a sudden opening which releases the
vowel. The closure of the vocal canal by the articula-
tor organ permits the syllable movement of the chest to
build up a high pressure in the mouth and chest behind
the consonant closure. The quick opening of the vocal
canal releases the vowel, and the consonant movement is
heard by its effect upon the vowel. A complete coordin-
ation between the chest and the consonant movement is
necessary in order to obtain the normal speech form. In
the speech of the deaf, this coordination is frequently
lacking. The articulatory organs usually perform the
necessary movements, but little or no buccal pressure
is developed. If the pressure is absent or weak, the
auditor is completely confused. This defect appears In
the speech of the deaf in the articulation of both stop
consonants and continuants. The result of a defect in
either of these two types of releasing consonants is that
the syllable apparently begins with a vowel. The con-
tinuants r and 1. figure largely in this group of errors
because there is never sufficient closure of the oral
canal, except that at times we find a complete closure
In 1, which is as confusing as an insufficient closure.
Also h,, js, jh, th( thin) . and f were found to be defective
in a great many cases. When th, in "the hoy", lacks suf-
ficient pressure, only the vowel is heard, and what
registers is "a hoy".
This group of errors was found to he the largest
in actual numbers of all the categories of consonants.
Out of a total of 17*>5 consonant errors, k2k errors of
releasing consonants were made, or a percentage of 2k,
In relation to the number of chances for error, however,
k2k errors were made out of a total of 5,672 releasing
consonants in all the test sentences, or a percentage
of 7.^.
A few examples may help to illustrate the variety
of defects which occur in the releasing consonant. In
record 1&-A1, in the sentence, "She had a new snow suit",
sh In "she" lacked the necessary breath pressure. So
five auditors heard the word as "he", while one heard it
as "to*. In record 10-B2, in the sentence, "Ruth threw
a nut on the ground", a faulty r in "Bath" made the word
sound to two auditors as "who*. Two others failed to
recognize it at all. In "The boys were late for school",
the !_ in "late* was weak. Two auditors heard the word
as "it". In record 16-B1, the sentence "How much did you
buy at the Christmas sale"? was spoken with every releasing
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eonsonant defective. The aspirate h in "how much" -Hag
entirely missing. The quality of the diphthong ow was
shortened. The result was that "how much* was heard as
"Midge", "make*, "Mary", "a man", "the man 8 , and was un-
interpreted by three auditors. In the phrase "did you
buy 1*, initial d in "did" and b in "buy" were hybrids
(neither completely voiced nor unvoiced and the y in
(t (p*
"you* was missing. The resulting "(did ooo (buy" was
heard as, "took a bath", "took *j and "isn»t far*.
• The breath consonant is written above the voiced
consonant to indicate that the sound actually spoken
by the subject was neither the one nor the other,
but rather, a "hybrid", resembling both. There is
no accepted transcription symbol for this type of
consonant in English.
B. Vowel errors .
It is customary to think of the vowel as the nu-
cleus around which the syllable is formed. The French
phoneticians, Marage, and Charbonnel, are of the opinion
that the vowel is the most important element in the
syllable. Dr. Bell, however, holds that the consonants
are of primary Importance. He states (1) that the con-
sonants form the structure of the language, while the
vowels give acoustlo substance to it. In this respect,
Dr. Stetson (&) is in agreement with him. The chief
differenee between oonsonants and vowels, according to
Dr, Bell, Is that a vowel Is the result of an open posi-
tion of the vocal organs, while a consonant Is the re-
sult of an opening action of the oral organs. Dr. Stet-
son, hoY/ever, states that In speech at the ordinary speed
of 4-7 syllables per second, there Is no holding of the
position possible; there must be a constant change, and
the vowel cannot be acoustically a pure tone. In this
same paragraph, he states that Housselot has shown that
the vowel is heard not only when the position lias been
reached, but also while the organs are taking position,
and also while the organs are quitting position and raov-
ing to a new vocalic formation.
Lack of coordination between the breath pulse, the
vocal cords, and the other oral organs is responsible for
the abnormal speech of the deaf. If the consonant which
releases the vowel is defective, the vowel is likely to
be defective. Various types of vowel errors occur in the
speech of the deaf. Those which haisfe occurred in sig-
nificant numbers have been divided into the following six
categories:
1. vowel substitution
2. splitting of diphthongs
3. dropping of final member of diphthongs
#. diphthong!zation of pure vowels
5. neutralization of vowejs
6. nasalization of vowels
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1.- Substitution of vowels.
All vowels are produced with a more or leas open con-
formation of the oral canal. A study of the vowel sounds
would reveal the fact that when a series of vowels Is
spoken each singly, only a slight modification of the
oral canal is required to make the transition from one
vowel to another. For example i in "ill" differs from
the ee in "feel" only because the 1 requires a slightly
more open conformation. The jr in "let" differs from the
a in "eat* for the same reason. In rapid speech, where
a vowel Is part of a movement, there is even greater
chance for inaccuracy. A trained ear can detect vowel
Inaccuracies In normal speech where the speech is intel-
ligible. That is, a hearing person can and does substi-
tute one vowel for another frequently. This substitution
naturally occurs more frequently in the speech of the
doaf. A deaf person will substitute not only those
vowels whose formation is so similar as the JL for ee
and e for a, in ttie examples above, but he will often
substitute vowels which are dissimilar in formation. The
reason for this is that he has only his memory of the
vowel movement, with no hearing, to guide him.
In the sentence, "The cow was in the barn * in record
I5-A3, the pupil said, "The eow was in the pan*. One
auditor heard "hay*, and another heard "bank" for "bam*.
In the sentence, "I lost my new gloves", the vowel in
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"gloves* was mutilated beyond recognition; so six audi-
tors heard "gloves" as "coat", and one as "scarf9 . In
the sentence, "Linen Is made from flax", the vowel a In
"made" was changed to "ee*. One auditor heard "need* and
another, "meat" for "made". To illustrate the inconsis-
tency with which vowels may be substituted, this same
pupil in another sentence pronounced "made" approximately
as "med*. One auditor heard it as "need", and another
as "move*. The pronunciation of "buy", in the sentence
"Buy me some pop com", approximated "pay". This was
heard as "pate", "paints", "please", "bring", and "he".
This is by far the outstanding type of vowel error
disclosed in this study. Out of a total of J2k vowel
errors of all types, there were 391 cases of vowel sub-
stitutions, or a percentage of 54. There were 6*564 pos-
sible chances for errors, or 6*564 vowels in all the test
sentences given the group of eighty-seven subjects. The
number of errors of this type made by all the subjects
was 391. The per cent of errors to the total number of
chances was therefore 5-*5»
2.- Splitting diphthongs .
A diphthong is a combination of a relatively fixed
vowel sound followed by a movement or glide towards an-
other vowel position which is never quite reached. In
all cases this glide or movement is from an open confor-
mation to a closer conformation. Both the radioal part
as well as the movement must "be heard to make the
diphthong complete. To use Stetson 1 s phraseology, *A
diphthong is a complex vowel in which the changing move-
ment is vocalized during the syllable pulse" (g, p. 39).
A common fault in the speech of the deaf is that of
splitting the diphthong, or separating it into its com-
ponent parts. When this is done, the secondary part,
or glide, is over-emphasized. For example, oy. in boy
may be pronounced as *baw-ee"; or the I in "high* may
be pronounced as *hi-ee*. When this is done, another
vowel may even be substituted for the radical part of
the diphthong. Thus "boy* may become "boo-ee". This
adds to the confusion of the auditors. An example of
this latter type may be seen in a sentence from record
15-A2, "How many days are there in a "week?* The
diphthong ajr in "days* was split and the radical part
changed to a as in "far". The resulting word approximat-
ed "dy-ees". The auditors heard this as "times", "die" ,
and "ties".
"Boy* pronounced as "baw-ee" in the sentence, "The
boy ran home very fast*, was not understood by four
auditors, and was heard as "birds" by one auditor.
This type showed the smallest number of errors. The
A group made no errors, B group made one error, and C
group made 26, or a total of 27, which, in a total of 72^
vowel errors of all types, is a percentage of 3.7. There
were 300 diphthongs In all the sentences used by the
entire group of subjects. Since 27 errors were made, this
shows a percentage of 3.^ to the total number of chances*
3. -Dropping off the final member of diphthongs.
This is in striking contrast to category 2 in which
the secondary member of the diphthong was unduly em-
phasized. In this category, the final member is dropped
entirely. There is a tendency in even the speech of
hearing people to reduce the artloulatory movements to
a minimum. Since the diphthong is a complex vowel move-
ment, it is natural to drop off the secondary member
first in order to simplify the movement. Such a complex
movement is even more difficult for the deaf to acquire
and to become habituated to. So, especially in the case
of the more profoundly deaf people, we find errors of
this type.
The diphthong in which the final member is dropped
most frequently is JL, as in the pronoun "I*. But any of
the diphthongs may suffer from this defect. In record
9-A1 occurs the sentence, "Have you saved some money?
The pupil pronounced "saved" approximately as "saft",
thus dropping the final member of the diphthong a. This
word was heard by two auditors as "seen", and by one as
"each"; and one auditor was unable to recognize it at all.
This same pupil, in another sentence, "I found a quarter
in the street this morning 8 , pronounced "found" as "fon",
thus omitting the final movement In the diphthong ou .
Consequently, one auditor heard the word as "brought*.
In the sentence, "The lion was In his den, * In record
2-A1, the subject spoke only the radical part of the
diphthong 1, in "lion". The resulting word was »la(r)n*.
One auditor heard this as "long", and another as "arm".
The phrase "around the pond* occurs in the same record.
The subject omitted the first two sounds In "around*.
The final member of the diphthong in the remaining part
"ound* was also dropped. The result was approximately
*a(r)nd*. Six auditors heard this as "on*.
There wei*e 35 errors of this type in a total of J2k
vowel errors of all types or a percentage of 4.3. There
were &00 diphthongs In all the test sentences used.
Since there were 35 errors, this shows a percentage of
k, k In relation to the total number of chances.
k. DlphthonsdLzation of pure vowels .
One of the chief characteristics of the speech of
profoundly deaf children is a lack of coordination between
the artieulatory organs and the breath pulse. So Instead
of the accurate timing which takes place in the speech
of normal speakers, the deaf subject will add an extra
movement to his vowel and will gocallze it. This may
occur at the end of a word, or in the middle of it. For
example, In "How do you dot", a deaf person may say, "How-
es do-ee you-ee do-eel* This inaccurate timing occurs
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beoause the deaf person forces hi a articulatory organs
to return to a neutral position at the end of a syllable
whose final member is a vowel, before he pronounces the
consonant which releases the following syllable. To il-
lustrate, the vowel in the word "do" is made with the
back of the tongue raised and the lips rounded. From this
position, a normal subject easily moves his tongue into
the position for initial £ in "you". The change is made
rapidly so that the intervening movement between oo and
jjr is not heard. But all deaf subjects do not make this
quick transition; their movements are slow and deliberate.
Hence the intervening movement Is heard, and the vowel
becomes a diphthong. This added sound may be combined
with a diphthong as well as with a vowel, as in the case
of "hoe-ee". In other words, the syllable is not proper-
ly arrested. This has the effect of adding a syllable
which interferes with the natural rhythm and henee with
the Intelligibility of the speech.
In the sentence, "who gave you the rlngt", in record
11-A2, the subject pronounced "who* as *oo-ee". One
auditor heard this as the two-syllable word, "Lewis*.
"Where*, In the sentence, "Where did Ruth throw the nutf "
was pronounced "where-u*. This was heard as "Mary" and
"thirteen". In the record S-A3, the sentence "Where are
my shoes?" occurs. The subject said, "Where are my
shoe-Is". One auditor heard "shoe-Is" as "Julia*. For
For the sentence, "My mother said 'no 1 * in record 15-A2,
the subject said, "My-ee mother tay-eet •no'". One
auditor heard this as "My mother didn't know*.
This category contains the third largest number of
vowel errors. There were 6^ errors made out of a total
of 72^ vowel errors or a percentage of £>.!§. There were
5,965 vowels, not including the diphthongs, in all the
test sentences used. So in relation to the number of
possible chances, \% of all the vowels were diphthongized.
5. neutralization of vowels .
In the speech of nonaal people, vowels in unaccented
syllables are to a greater or lesser degree neutralized.
This phenomenon occurs even in cultivated speech. In
careless speech, vowels are neutralized or neglected even
to the point of omitting whole syllables. Even then the
speech may be intelligible to auditors who are accus-
tomed to hearing this kind of speech. But when vowels
in accented syllables are neutralized or neglected, the
speech becomes more or less unintelligible. A vowel is
said to be neutralized when a minimum movement of the
articulatory organs is used to produce it. This means
that the vowel canal is modified as little as possible.
The quality suffers, and the quantity is shortened. The
resulting sound alone may resemble the shortened form of
gina word such as "Halibut ", or the shortened and un-
accented form of 5 or i in such words as "deserve" or
"dignlty". Deaf persons frequently neutralize their
vowels. This is due to Improper speech coordination.
This fault may occur In either unaccented or accented
syllables or In both. When a vowel In an accented
syllable Is neutralized, the accent is faulty, and the
rhythm of the phrase or sentence is abnormal. This re-
sults in confusion for the auditors.
An example of this type of error occurs in the
sentence, "Have you saved some money?", in record 9-A1.
The subject neutralized both vowels in money
. Hence,
the word was heard as "miller8
,
"morin", and *mon-u".
One auditor failed to Interpret it. In the sentence,
"Did you learn the poem?", in record 19-A2, the subject
neutralized the vowel In learn
. As a result one auditor
heard the word as "one", one as "room", one as "read",
and one as "ever". In the sentence, "Mary put on a
clean dress", the vowel in "put" was neutralized. One
auditor heard this word as "picked". In record 16-A2,
in the sentence, "Does your father ride a car?", the
subject neutralized the diphthong 1 in "ride". Hence
the word was heard as "rent", "want", and "wear*.
The errors in this category represent the second
largest group of vowel errors. Out of a total of J2h
vowel errors, 164 were neutralized vowels, or a percent-
age of 22.6. In relation to the possible number of
chances, there were 6777 syllables (either vowels or
diphthongs) , and 164 errors shows a percentage of 2.4
to the total number of chances.
6. nasalization of vowels .
There are no nasal vowels in English. One of the
chief characteristics of the English vowel is the pre-
dominance of oral resonance. Shis effect is lost when
the vowel is nasalized. Improper control of the velum
causes this nasalization. This defect characterizes the
entire speech of some deaf subjects. With others only
occasional vowels are affected. Nasalization may occur
either when the syllable begins with a vowel or when it
ends with a vowel. The most frequent occurrence is one
in which the vowel occurs in the same syllable with a
nasalized consonant. As has been mentioned in consonant
category the continuants are the type of consonants
which are most frequently nasalized. So when the vowel
is either released or arrested by a continuant consonant,
we find the most frequent cases of vowel nasalization.
In record 2-A1, in the sentence, "Where is your
school? *, the subject pronounced "where is" as "wer-u is",
nasalizing the whole syllable "is". One auditor heard
this phrase as "you are in*. The sentence, "The baker gave
the dog a loaf of bread, and he carried it home", occurs
in record 1-A1. The subject who read this had become
deaf after he had acquired a spoken vocabulary. Since he
became deaf, his speech has developed an abnormal nasal
quality. The phrase "a loaf of bread" was extremely-
nasal. This was heard as "some bread* , "— bread8 ,
and "for Fred8 . It was unintelligible to one auditor.
The phrase, "carried it home", also very nasal, was heard
as, "carried it in" and "cake to eat at noon". Six
auditors failed to Interpret it at all. The sentence,
"Is that a true storyt", in record 5-B2, begins with a
self-releasing syllable. The subject nasalized the vowel
in "is" and also the one in "that*. Hence, "is that"
was heard as "he fell", "his bed", and "he ". In the
sentence, "The baby smiled at me", in record 1*I-A3, the
subject nasalized the whole syllable "me". Eight audi-
tors heard this as "milk", and one as "m The deaf
subject frequently has difficulty in mastering the quick
movement of the velum between a nasal releasing conso-
nant and the vowel which it releases.
There were 43 nasalized vowels in a total of 72^
vowel errors of all types, or a percentage of 6. This
was the fourth largest group of vowel errors. There were
6777 possible chances of error, or 6777 syllables in
all
the test sentences. The ^3 nasalized vowels show a per-
centage of .6 to the total number of chances.
It is to be understood that in all categories of
errors, both vowel and consonant, I have counted as er-
rors only those cases which led to a misinterpretation
of the sentence by at least one auditor. So, for
example
ln the nasalized vowel category, six, there were a
great many more than ^3 errors noted, but either the
auditors were able to understand the meaning of the w
from the context, or other more important errors were
Judged to be the cause of the misinterpretation.
Table IV
Consonant errors for deaf group A
Subject
1.W.G,
2.M.L.
l.E.L.
4. J.M.
6.3.0.
y, y. r.
5. H.R.
9.R.S.
10.R.T.
11.3.T.
TT
1
2
2
1
2
1
3
o
Tyoe of errors
1
2
1
T2—
r
2
2
2
2
2
1
1
1
2
2
2
k
2
2_
13 2 25
1
1
2
"T
Total
1
7
9
9
§
9
2
66
Average of 6 errors per pupil, or 1.5$ of the
total number of chances.
Table XVA
Consonant errors in terms of per cent of total for deaf
group A
Subject Type
1. W.G,
2. M.L*.
*5. E.L.
4.J.M.
6.3.0.
7.F.E.
o.H.R.
9.K.S.
10.R.T.
ll.S.T.
of errors
1 k
1A
2.7
2.7
lA
1:1
4.1
1
2
I
2
is. 5
ig.5
26
is. 5
?0 O u
:5 .1* 9.1
5.7
F
11.3
ij-.g 11.3
b 11.3
5.7
T3|
i.
1.7
1.7
6.2
T7i
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Table Y
Consonant errors for deaf group B
Subject Type of errors
1 2 3 ? 5 § 7 Total
1.0. A. 3 J b 5 3 1 3 2T
2. H.B. 2OI227I125
3. T.B. 3424000 13
4. D.C. 110232^733
5.H.C. 0003032 s
o.B.B. 400 l01lQl6
7.H.D. 0000022 4
S.B.D. 1133014 139.CE. 62720 14 lg 4$
10. J.E. 3031035 IB
11.B.G. 2014109 1?
12.0.0. 5 2 5 1 4 6 23
13.H.a. 22^3001 12
14.H.H. 0001001 2
15.M.L. 10 2 3 1 1 1 5 23
16. B.L. O272060 17
17. B.R. 4105031 l4
lg.C.f, 2 3 1 O 17 23
19. B.W. 2732103 lg
20.A. Z. 9 1 10 12 11 43w~m—fr*%
—
34 $9 3»
Average of 19,5 errors per pupil, or 4.2$ of
the total number of chances.
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13.h. a.
14.H.H.
Table VA
Consonant errors in terms of per cent of total for deaf
group B.
Subject Type of errors
•5 k q
1. G.A. ~W7L 3 % fF%—
2. R.B. 2.7 1 lg.7
3.T.B. k.l 4 2 37.4
4. D.C. 15 2 2g
5.H.C. 22
6. B.D. 5.5 o o 9.3
7. R.D.
S.B.D. 1.4 1 3 23
9.C.E. g.2 2 7 IS, 7
io.j.e. 4.1 039.
U.E.O. 2.7 1
12.0.0. 6.S 2
4 2g
9.3
15.M.L. 13.72 2 3 9.3
16. B.L. 027 1S.7
17. B.a, 5.5 1 ^.7
lg.c.s. 2.7 3 9.3
19. B.W. 2.7 7 3 is. 7
20.A.Z. 12.3 1
2.4 26.6
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V. OP mp3$ AOCpKDIBG T£ BSMOfflg LOSS, & ]|,
The classification of the subjecto used in this In-
vestigation has been described In detail cm page 17 wider
*Kethod«. Group A la sad© up of hard-of^earing pupils
*t*o cnse to Clarke School with a spoken vocabulary al-
ready acquired. Group B* a larger group, represents a
partially deaf croup. Group G, the largest group, la
composed of the most profoundly deaf pupils. The influ-
ence which the various degrees of residual hearing ex-
erts upon the speech of the deaf pupils nay be seen in
the tables which follow.
A—Consonant Horrors: Groups A, B» and C.
There is an increase in the number of errors of
both consonants and voxels as the amount of hearing de-
creases* In other words, there is an inverse ratio be-
tween the frequency of errors and the degree of residual
hearing. Table IT shows the number of consonant errors
for each individual in Group A. fable I7-A shows the
same data in teras of per cent of error of the total
number of chances for errors. She total of errors for
each error category is given at the foot of Table IV.
Table IV-A shows the sane data in terms of percentage.
It will be observed that Category oal-art1oulation of
compound consonants, is the largest type of error on the
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basis of total chances for error. The average Individual
error for members of this group Is 6, or 1.5$ of the
total number of chances for error.
Table V shows the number of consonant errors for
each Individual in Group B. Table ?-A. shows the same
data in terms of per cent error of the total number of
chances for error. Proa the total of errors for each
error category shown at the foot of Table V it will be
seen that from the stand point of actual numbers, Cate-
gory J, non-function of the releasing consonants, fur-
nishes the largest group. But from the stand point of
percentage in relation to the number of chances for er-
ror, Category k, Table V-A, again surpasses all the
others. The average individual error for members of
Group B Is 19.5, or of the total number of chances
for error.
Table VT shows the number of oonsonant errors for
each subject in Group C. Table V2-A gives the same in-
formation in terms of per cent error of the total number
of chances for errors. The number of errors for each
error category at the foot of Table VI shows that from
the point of actual numbers, more errors of Type J were
Bade. But in terms of per cent of the total number of
chances for error, Table VI-A, Category k is almost four
times as large as the next highest, Category 6. The
average Individual error for members of Group C is 2^.21
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Table VI
Consonant errors for deaf group 0.
Subject
l.J.A.
2.5. B.
3.J.B.
4. L.B.
5. A.B.
6. Y. B.
7.O.B.
3.J.B.
9.6.B.
10. M.0.
11. D.C.
12. B.C.
13.M.C.
lS.H.C.
15.P.C
16. B. C.
17. R.D.
lg.P.B.
19. R.deH.
20. L.D.
21. H.F.
22. B.F.
23. D.G.
>4/24. V.G.
25.D.H.
26.S.H.
27.H.J.
2S.J.J.
29. J.K.
30. E.K.
31.H.L.
32. R.L,
3I.J.M0C.
34.K.M.
35. T.M.
36.M.N.
37. E.o f
3S.M.P.
39.0. P.
S6.S.P.
m.B.p.
42.E.P.
Itt.B.P.
W.W.P.
45.V.R.
4
12
3
I
2
12
5
2
3
3
2T
2
2
S
2
3
1
5
2
2
2
2
I
2
3
11
3
3
3
1
l
1
Type of errors
—
3
r~
1 7
1 2
5
1
6
k 2
,
4
*
11
5
3
7
l
k
2
1
1
6
1
1
9
1
2
1
1
I
2&
2
3
5
2
2
6
3
i
I
1
2
1
1
1
g
7
1
10
1
6
I
3
2
7
4
2
1
1
1
2
3
2
1
k
7
1
2
3
1
2
2
2
6T
3
I
2
3
2
5
2
9
I
2
3
2
2
3
10
6
5
2
11
2
6
1
12
3
2
1
i
1
1
Total
"21
21
2*
22H
II
29
27
111
24
2*5
3*5
23
12
25
X
I
1
If
15
9
25
s
20
26
12
14
Table VI-continued
Subject Type of errors
1 2 1 h 5 6 7 Total
H6.0.H. TI 3 1 1 1 I 4 ?2
JW.J.R. 12 ?S°,}|?2
H9.J.R. 7 1 1 3 1 5 JS
50.3.3- 4 o 1 J
I 17 27 5^
52.K.W. 70 501 J | }|
o o 2 l 3 5 13
1 11 22
53-O.w. 2
5*.0.W. * 2 £
56
27s
—
103 m m —1*3 31
Average of 2^.21 errors per pupil, or 6#
of the total number of chances.
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Table VIA
Consonant errors In terms of per cent of total for deaf
group 0.
I:
Subject
l.J.A.
2.S.B.
3. J.B.
4.L.B.
5.A.B.
6.Y.B.
r
.0.B.
.J.B.
9.G.B.
10.H.C.
11. D.C.
12.S.C.
13.M.C,
14. H.G.
15.P.C
16.B.C.
17-R.D.
18.P.D.
19.R.deH.
20.I...D.
21.H.F.
22.B.P.
23. D.Q.
24. V.O.
25. D.H.
26.S.H.
27. H.J.
28. J.J.
29.J.K.
30. E.K.
31. H.L.
32.R.L.
33. J.McG«
^~^» 1 L.I m
35.V.M.
36.M.H.
37. E-0*
38.M.P.
39.0.P.
40.S.P.
41.B.P.
42. E.P.
43.B.P.
44»W.P.
45.V.R.
872
8.2
13.7
4.1
4.1
6.7
9.6
5.5
16.5
11.0
12.3
4.1
9.6
6.7
5.5
5.5
11.0
16.5
4.1
11.0
2.6
16.5
6.8
2.6
4.1
4.1
4.1
9.6
5.5
4.1
9.6
4.1
6.8
9.6
5.5
20.6
2.6
Tjrpe °* error.
2 2
AX—
2 3 V7 A.37.4
1 zre Ac
2 •1 lO.Y
u *K>. fO
2 1 O
etO pO.l
2 4 lo. f
L4 OA O
3 3 "XT A37.*
4 9.35
on ft2o.O
11 A< TC40.75
5 Oft ft2o.U
it A/C «7c*0. f5
3 -x3
U u
X *71 Au. 1
5 * AO. f
c.
A PO. A
2 a8 oA n
ftU Ofk ft
2 1 "V7 4
U A*» £c Ac
A
1O
1 1A *7AO. f
2 3 O "Vs
3 3 V
O 1 ft
11 9 Q Vi
3 ftu
St3 5 •74 A
1 <R Ac
w A 28
3 2 9.35
1 37.A
4 9.35
1 1 93.5
4 9.35
56.1
46.75
3 18.7
1 1 28.0
28.0 18.7
1 2 65.45
17.5
8.7
17.5
4.4
4.4
4.4
8.7
13.1
8.72
4.36
o
17.5
13.08
4.36
30.5
4.36
2.72
17.44
13.08
4.36
13.08
4.36
8.72
17.4*
8.72
8.72
13.08
4.36
2.82
8.45
8.45
2.82
5.64
11.3
11.3
8.45
5.64
14.1
5.64
25.4
8.45
11.3
5.64
8.45
5.64
5.64
25.4
11.3
8.45
28.2
16.9
14.1
5.64
14.1
31.0
5.64
16.9
2.82
33.8
8.45
5.64
2.82
11.3
2.82
2.82
6.12
4.6
6.1
10.7
10.7
9.18
10.7
10.7
1.53
4.6
9.18
7.65
16.83
15.3
12.24
3.06
6.12
7.65
12.24
6.12
1.53
6.12
15-3
6.12
6.12
7.65
4.6
3.06
1.53
10.7
38.2
6.12
9.18
6.12
3.06
19.9
10.7
6.12
12.24
6.12
9.18
3.06
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Table VIA-continued
Type of errors
1 2 2 1
13.7 5 9.35
1.7 2 6 56.1
9.6 O 1 9.35
5.5 1 37^
11.0 * g 23,0
9.6 5
2.6 1S.7
4 2 37.^
9.6 6 5 g-t
9.6 2 46.75 3.72in—rrg—fes 3^2
or 6# of the total number of chances for error.
It is Interesting to compare the average Individual
error in terras of per cent of the total number of
chances for error in the three groups, A, B, and G, re-
spectively 1.5$, and 6$. It is also worth while
observing, in the same relation, that Category k, mal-
articulatlon of compound consonants, is significantly
larger in each of the groups than any other category.
The total percentage (.15) of error in Category 3, im-
proper control of the velum, for Group A shows that this
difficulty is experienced far less in this group than
are other consonant defects. In fact, the two errors
which account for this minimum percentage were made by
one member of the group. It is also a significant ob-
servation that non-lunotion of the releasing consonants,
Category J, in Group A, was reduced to a minimum, while
there Is a much smaller difference between the B and C
groupe.
In Table X-A, a summary of the total number of con-
sonant errors for each group in terms of per oent of
the total number of chances for error, there appears
only one contradiction to the statement that errors in-
crease as the amount of residual hearing decreases. This
occurs under Category 6. The total per cent of the errors
of this type is larger for Group B than for Group C. The
reason for this is not clear. The fact that this category
constitutes the second largest group In all three deaf
groups, -A, B, and C-and the fact that there Is only a
relatively small margin of difference between the aver-
ages for the three groups seem to indicate that the de-
KQfl of deafness does not influence this particular type
of error quite so much as it does those of other conso-
nant categories. It may help to point out that 2$% of
the members of group B made no errors of this kind,
while only \k% of Group were free from error.
B. Vowel grrors ; Groups A, B, and C.
fable VII shows the number of vowel errors for each
individual in Group A. Table VTI-A gives the same in-
formation in terms of per cent error of the total number
of chances for error. By examining the total errors for
each category at the foot of Table VII, it will be ob-
served that Category I, substitution of one vowel for
another, accounts for one half of the total of vowel
errors. Category I from the point of view of per cent,
in relation to the total number of chances also remains
the largest group, as shown in Table VTI-A. The average
number of errors for members of this group is .55 or .17$
of the total number of chances for error.
Table VIII shows the number of vowel errors made by
each member of Group B. Table VIII-A shows the same data
in terms of per cent error of the total number of chances
for errors. The totals at the foot of Table VIII show
-59-
Table VII
Vowel errors for deaf group A.
Subject Type of error.
n » « -4 g ^ ^ ^ 6 Tofr1. W.G. o 5 5 o 5 <5
2. M.U,
^,E.L.
ty.J.M. 1 1
S.J'.M.
6.8.0.
7.?.h» looooo i
g.H.K. 1 1 2
9.B.S. 1 1
lo.ruT. oooooo o
l:U3 » T * 1 1
3 1 1 2 "f
Average of ,55 errors per pupil
Table VIIA
Vowel errors In terms of per cent of total for deaf group A.
Subject Type of errors.
1. W.a. ~5 § $ § -§ §
2.M.L.
3. E.L,
1.3
5.J.H. oooooo
b.3.0.
7.F.R. 1.3
g.H.R. 1.3 I.3
9.R.9. 1.3
10.R.T.
ll.S.T. 1.1
.35 .12 .23
Average per pupil .17$ of the total number
of chances.
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that Category I gives the largest number of vowel errors
for Group B. The totals In Table VIII-A also show that
In terms of per oent of the total number of chances for
error Category I leads. The average number of Individual
errors for subjects in Group B is £, or 1.9$ of the
total number of chances for error.
Table IX shows the number of vowel errors made by
each Individual in Group C. Table IX-A expresses this
in terms of per cent of error of the total number of
chances far error. The totals at the foot of Table IX
show that Category I contains more than one half of the
total number of vowel errors of all types for Group C.
Table IX-A also shows that in terras of percentage Cate-
gory I is the largest group of errors. The average num-
ber of errors made by each subject in Group C is 10.6 or
3«3# ot the total number of chances for error.
A comparison of the average vowel error in terms of
per cent of the total number of chances for error in the
three groups A, B> and C respectively, reveals a grada-
tion of .17, 1.85, and 3.3. Category I, substitution of
one vowel for another, furnishes the largest number of
errors in all three groups of subjects. In fact, in each
group, this category is at least one half as large as
the total of errors of all types. It may be observed al-
so that Category 5, that dealing with neutralization of
vowel sounds
, le the second largest group in all three
groups of subjects. These two findings indicate that
the vowel is an unstable factor in the speech of the
deaf. Group A made no errors in Categories, £, k, and
This means that all the diphthongs spoken by members of
this group were understood, and that no vowels were
nasalized beyond recognition. These three categories
in Group B also furnished the smallest numbers of errors.
The significance of these findings is that they make
clear that these two types of errors are confined to the
epeeeh of the more profoundly deaf.
Table8 X and XI give a complete summary of the
total number of both consonant and vowel errors for
each category made by groups A, B, and C. Tables X-A
and XI-A give the same data in terms of per cent of pos-
sible errors.
-62-
Table VIII
Vowel errors for deaf group B
Subject Type of error
1 2 3 4 2 io Lai.
1. A. 1 2 2 59 R R 4 7
"K f R d. 2
A. R P oo o 1 2 3 14
*s h n
1 u u 76.B.D. 2 nV/ r\KJ u u 1 37.R.D. 4 4
8.B.D. 7 79.C.E. 3 1 1 2 1 8
10.J.E. 3 3
11. E.G. 4 1 6 11
12.0.0. 1 Q 1
13.H.G.
14.H.H. 3 1 4
15.M.L. 3 1 2 3 5 14
16.B.L. 2 2
17.B.R. 6 3 1 1 11
18.C.T. 2 1 3
19.B.W. 8 1 3 12
20.A.Z. 6 4 10
Totals Stf 1 4 12 37 8 122
Average of 6 errors per pupil, or 1.85%
of the total number of ohanoes.
Table VIIIA
Vowel errors in terms of per cent of total
for deaf group B
Subjects 12 3 4 5 6
1. g.a. 173 o o o 275 275"
2. R.B. 3.8 5.2
3. T.B. 2.6
4. D.C. 10.3 1.5 2.6 3.9
5. H.G. 1.3
6. B.D. 2.6 1.3
7. R.D. 5.2
8. B.D. 9.0
9. C.E. 3.8 1.1 1.5 2.6 1.3
10. J. E. 3.9
11. E.G. 5.1 1.5 7.7
12.0.G. 1.3
13. H.G.
14. H.H. 3.8 1.3
15.M.L. 3.8 1.1 2.2 4.3 6.4
16. B.L. 2.6
17. B.R. 7.7 4.3 1.3 1.3
18. C.T. 2.6 1.3
19. B.W. 10.3 1.1 4.3
20. A.Z. 7.7 5.2
Totals 679 Td5 272 7E 472 179
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Table IX
Vowel Errors for deaf group C
r^r* hi—§—i—g—i 6 TBt.ix.u.a. 5 2 o q—
2-S.B. 2 1 2 3 2 lO
3. J.B. 10 1 2 3 ? i?
4. L.B. 2 1 2 5
5. A.B. 2 2 3 7
6. Y.B. 6 1 5 12
I-°-
B
- 5 2 1 2 108.J.B. 14 2 2 5 o 2?9.&.B. 15 1 l § o 20
10.M.0. 3 4 7
11. D.C. 6 1 5 12
12. E.C. 9 3 1 13
13.M.C. 9 1 4 ? g14.H.C. 11 1 1 2 15
15.P.C 3 1 4
16. B.C. 4 3 1 8
17. R.D. 8 1 1 10
18.P.D. 8 4 2 3 17
19. R.deH. 4 1 2 3 2 12
20. L.D. 7 7
21. H.P. 4 1 4 9
22.B.F. 7 2 3 12
23. D.G. 7 1 4 12
24. V.0. 6 3 7 16
25. D.H. 6 6
26.S.H. 5 5 10
27. H.J. 6 2 2 2 1 13
28. J.J. 2 6 8
29. J.K. 4 4
30. E.K. 3 2 1 6
31. H.L. 5 5
32. R.L. 10 3 15 1 11
33. J.McC. 7 1 4 1 13
34.M.M. 700300 10
35. V.M. 3 1 6 10
36.M.N. 5 2 1 3 11
37. E.O. 13 3 16
38. M. P. 4 1 1 6
39.0. P. 8 6 7 21
40.S.P. 2 1 3
41. B. P. 8 2 2 12
42. E.P. 2 2 1 5
43. B. P. 9 2 2 13
44. W.P. 1 2 1 4
45. V.R. 9 1 1 11
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fable IX-continued
Object Type of error
"
.
4 ? ? * ? 6 Total
46.C.R. 9 3 1 13
48. J. R. 8 4 1 1 14
49.J .R. 5 4 1 10
50.8.S. 2 2 3 6 13
51.0. T. 14 2 1 3 1 21
52.E.W. 6 1 2
53.0.W. 4 1 2 7
54.0. W. 10
55.B.W. 2 4 6
56.M.W. 6 2 8
323 2"3 30 52 125 35 596~
Average of 10.6 errors per pupil, or 3.3#
of the total number of chances.
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Table IXA
Vowel errors In terms of per oent
of total for deaf group C
Subject 1 2 3 4 5 6
1. J.A. 6.4 2.6 2.6r\ m t*>2.S.B. 2.6 1.1 2.2 4.4 1.0
3. J.B. 12.8 1.1 2.2 3.9 1.3
4.L.S. 2.6 1.5 2.6
5.A.B. 2.6 2.9 3.0
6.T.B. 7.7 1.5 6.4
r» /n t*7*0eB. 6.4 2.2 1.5 2.6Q T O0«U .D. 18.0 2.2 2.9 6.4o rt t>9.G.B. 19.3 1.1 1.5 3.9
10.M.C. 3.9 5.1
ll.D.G. 7.7 1.1 6.4
12.E.C
.
11.5 4.4 1.3
13-M.C. 11.5 1.1 5.1 1.3
14.H.C. 14.1 1.1 1.5 2.6
15-P.C. 3.9 1.3
16. B.C. 5.1 3.3 1.3
^ IT v» n17.R.D. 10.3 1.3 1.3
18. P. D. 10.3 4.3 2.9 3.9
19.R.deH. 5.1 1.1 2.9 3.9 2.6
20.L.B. 19.3
21.H.F. 5.1 1.5 5.1
22.B.F. 9.0 2.2 3.9
23.D.O. 9.0 1.5 5.1
24.V.Q. 7.7 3.3 9.0
25.B.H. 7.7
26.S.H. 6.4 6.4
27-H. J. 7.7 2.2 2.9 2.6 1.3
28. J. J. 2.6 7.7
29. J. K. 5.1
30.E.K. 3.9 2.2 1.5
31.H.L. 6.4
32.R.L. 1.3 3.3 1.5 6.4 1.3
33-J.McC. 9.0 1.1 5.1 1.3
34.H.M. 9 4.4
35.V.M. 3.9 1.1 7.7
36.M.N. 6.4 2.9 1.3 3.9
37.E.0. 16.7 4.4
38. M. P. 5.1 1.3 1.3
39.0. P. 10.3 6.5 10.2
40. S. P. 2.6 1.3
41. B. P. 10.3 2.9 2.6
42. E. P. 2.6 2.9 1.3
43. B. P. 11.5 2.2 2.6
44. W P. 1.3 2.6 1.3
45.V.R. 11.5 1.5 1.3
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Table IXA-oontinued
Subject
46. G.R.
47. P.R.
48. J. R.
49. J.R.
50.S.S.
51. CT.
52. E.W.
53.0.W.
54.0. W.
55. B.W.
56.M.W.
Type of error.
1 2 3 4 5 6
11.5 4.4 1.3
16.7 1.3
10.3 4.3 1.5 1.3
6.4 1.3
2.6 2.2 3.9 7.7
18.0 2.2 1.5 3.9 1.3
7.7 1.5 2.6
5.1 1.5 2.6
U3
2.6 5.1
-7r7 2.6
7.6 5.1 5.8 1.4 2.9 .8
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Table X
Total number of consonant errors for each grow.
* 2 j 4 5 6 7 Totals
Group A 12 4 2 13 2 25 2 66
Group B 68 24 48 57 8 84 99 339
Group C 278 101 16-; 199 87 181 117 ITTO
Totals 315 131 213 269 97 292 424 1785 Average
20.6
Table X-A
Total number of consonant errors for each group in terms
of percentage.
1 | | 9 6 7
Group A £*§ .36 .18 9.1 • 8 6.4 1.1
Group B M 1.2 2.4 26.6 1.8 11.8 7.6
Group C 6.3 1.8 2.9 11.2 6.7 9.2 8.4
Totals 5.0 1.5 2.4 30.O 4.8 9.3 7.5
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Table XI
Total number of vowel errors for each group.
1 I 1 4 5 $ Totals
Group A 3 1 2 *
Group B 6o 1 4 12 37 & 122
Group m 10 * 5? i* 35
.
Totals 391 27 35 64 164 *3 724
Table XIA
Total number of vowel errors for each group Interms of percentage.
1 2
, 3 4 . 5
,
6
Group A
• 35 .12 • 23
Group B 6.9 .05 2.2 .3 4.2 1.9
Group C 7,$ <S.l 1.4 2,9
_
.g
Totals 6.5 3.4 4.4 1.1 2.4
.63
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VI. DI3CU33I0H OF THE RESULTS
It la necessary again to point out the fact that
the presentation of our results does not Include all
the speech errors made by the subjects in this experi-
ment. An error was not noted unless the speech proved
unintelligible to at least one auditor. In a surprising
number of oases, faulty speech was understood by all of
the auditors. This may be explained partly by the fact
that teachers who are familiar with the abnormal speech
of the deaf constituted a large part of each group of
auditors. A partial explanation, also, may be that the
auditors were more or less accustomed to hearing ab-
normalities in the average speech of the normal people
with whom they come in daily contact. But in spite of
these reasons, it is astonishing how mutilated speech
syllables may become and still be understood.
Our data show that there are seven recurrent types
of consonant errors and six recurrent types of vowel er-
rors. This means that for any given consonant, there
are seven possible chances for error; that for any given
vowel, there are six possible chances for error. Lack
of coordination between the breathing muscles and the
organs of articulation is responsible for a large number
of speech errors. This results in an inadequate control
of buccal pressure which is necessary for the consonant
that releases or arrests the syllable. The consonants
r and 1 easily lead in the frequency of occurrence of
consonant errors. Bat all consonants with "leaky* clo-
sures, the hissing sounds, such as a., ah, f , and th .
are defective in great numbers. A very common example
of this occurred when "the" was misunderstood as *a*.
The consonants r and 1 depend upon a quick spring
of the tip of the tongue to release the syllable. In
the case of j? the tip of the tongue is slightly curved
upwards; and as there is no definite contact with a sur-
face from which the tongue can spring, the movement is
more difficult to acquire than that for 1. If r has been
taught as a single unit, there is danger, when it is
combined with other sounds in a word, of having a vowel
precede it. In such a case *rain* may be pronounced
as *urain*. Again initial r is frequently taught as a
breath consonant, and "rain* in such a case is pro-
nounced as "ahraln". Again the child may substitute w
for Initial r because it is easier to produce; then
"rain" becomes "wain*.
If initial 1 is taught as a single element, vowel
quality may precede it also in a syllable, and a word
such as ''like* becomes "ulike". If the child is allow-
ed to narrow the tip of his tongue too much, the lateral
apertures become too wide, and the quick tongue movement
which suddenly changes the resonance cavities, necessary
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in releasing the syllable, is not heard. Then "like*
becomes "ike".
Proper control of the velum in the nasal sounds Is
more difficult for the deaf child to acquire because he
cannot see the action of the velum. Re may be taught by
visual aids to give a nasalized consonant alone; but
when it is combined in a syllable it often either is
nasalized or completely lacks nasal resonance. Thus,
"woman* may be pronounced as "womn", or the nasalization
may be totally absent, and the word "woman" becomes
"wobad*.
The errors of the voice-breath distinction occur
most frequently with consonants which require a complete
closure of the oral canal, while non-function of the
releasing consonants confines itself more closely to the
consonants which require a leaky closure.
The relatively large number of mal-artlculations of
compound. consonants indicates need, in the child's early
speech development, for greater concentration upon drills
involving this type of consonant. Teachers must realize
that a compound consonant is not composed of two conso-
nants to be taught separately. A compound consonant is
a oomplete fusion of two or more consonant strokes, re-
sulting in a single consonant movement. The duration of
single consonants in normal speech varies from .08 to
.16 seconds; the duration of compound consonants is the
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same, or very slightly greater, ranging from .10 to .16
seconds. Consequently, the artioulatory organs must be
prepared for the second member of the compound before
the first member is released. A large assortment of
errors suoh as pur, sun, fur, pul, and thur, resulting
from the compounds £r, an, fr, £l, and thr shows that
deaf children do not make this preparation.
Deaf children are usually taught the consonants as
elements, without the vowels. Stop consonants are usual-
ly taught as openings with whispered vowels. The con-
tinuants are usually taught as positions, without move-
ments. One result of this method of teaching is that
the deaf child is inclined to make all consonants re-
leasing consonants. Consonants in normal speech have
two functions,—that of releasing the vowel, and that of
arresting it by movements of the artioulatory organs to
and from the position. When one syllable ends with an
arresting consonant, and the following syllable begins
with a releasing consonant, as in the word "doctor*,
or in the phrase, "up the river8
, the deaf child is in-
clined to make both members of these abutting pairs re-
leasing consonants. The result is an indefinite vowel
between the two consonants which Interferes with the
intelligibility. Frequently, in normal speech, a final
compound consonant breaks up so as to make abutting con-
sonants. The final member of the compound becomes the
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releasing consonant of the next syllable. For example,
in the sentence, "The door was locked", kt is simply a
final compound. But in the sentence, "I locked it my-
self", the final member of the compound, t, is the re-
leasing consonant of the syllable it. So in rapid speech
the normal persons says, "1 look tit myself". Failure to
do this causes the speech of the deaf person to sound
abnormal. Hence it is necessary for deaf children to
learn from the very beginning the normal form of linking
syllables with abutting consonants.
Previously I have said that the vowel seems to be
an unstable factor in the speech of the deaf. By this I
mean that the very nature of the vowel tends to make it
inaccurate. Stetson (g, p. 39) states that "The con-
sonant has a function in the movement of the syllable;
the vowel on the other hand is merely a movement which
accompanies the chest pulse, but is not an integral
part of it The coordination is very simple; Just
as in violin playing the fingers change the pitch of
the tone produced by the bow, so the vocalic movement
occurs side by side with the chest pulse. The vocalio
movement merely determines the timbre of the tone, Just
as the fingering of the violinist determines the pitch
of the tone". Hence if the consonant which releases the
vowel is defective, the vowel is likely to be defective,
also. In other words, if the vowel is an accompanying
movement which Is vocalised, this novoment which is of
teondary importance has a tendency to bo vague or ir-
regular. The resulting sound will be inaccurate, Just
as the violin note will be defective then produced by a
defective stroke of the bow. This probably accounts for
the large number of vowel substitutions seen In our data,
fhis irregular movement probably accounts also for the
dropping of the final member of the diphthongs and the
dlphthongization of pure vot?els.
The results shew a dose correlation between the
amount of residual hearing and the number of errors made.
There is a far greater difference in errors between the
A and b groups than between the 8 and C croups. This
would indicate that those pupils in A group have either
retained to a ooaslderable degree their normal speech
coordinations, or that their residual hearing has been
an Important factor in the acquisition of speech. Even
group B, which showed far more errors than group A,
still had fewer errors than group C, the profoundly deaf
group. These facts indicate that even a small amount
of residual hearing is an Important factor in the ac-
quisition of speech. They suggest the advisability of
using, to the best possible advantage, by means of group
hearing aids, this residuum of hearing in speech develop-
It Is difficult to draw any definite conclusions
as to the relative Importance of the various types of
errors revealed by this study. Each error Is a definite
factor causing unlntolligibiilty la the speech of the
deaf pupils studied. They all combine to make up a
general degree of unlntelllglbllity which definitely
Halts the efficiency of the speech of the deaf. The
primary task of schools for the deaf is to give the deaf
child Intelligible oral speech and language In order
that he nay be better able to adjust himself In a hear-
ing ijorld. The findings of this study point out defin-
ite types of articulator? errors which are recurrent
in a large group of deaf children. Its practical value
lies In the fact that It gives to teachers of the deaf
definite Information which may aid them in their task
of making the speech of deaf pupils more intelligible*
It is impossible to point to any definite cause,
or set of causes, which may have produced the errors
discussed in this paper. At best one can only suggest
obvious factors which nay be operative In the speaeh de-
velopment of deaf children, and which would lead to er-
rors such as are herein discussed.
First of all, the absence of hearing, or impaired
hearing, is admittedly a primary oaU8e of the defeetlve
speech of the deaf. That the factor of deafne88 alone
1* the sole cause, however, is open to serious question.
The absence of normal hearing stakes it necessary, for the
deaf child to learn speech by artificial methods, and
the intelligibility of such speech will depend to a con-
siderable degree upon several things, such as: (l) the
mental development of the child; (2) the age of the child
when speech instruction begins; and (3) the thoroughness
with which speech is developed. Speech, once it has
been developed, however, is not dependent upon hearing
for its sensory control; ample evidence for this is found
in the fact that deafened children and adults retain in-
telligible speech after losing their hearing. Speech
coordinations can be controlled, therefore, by kinesthetic
and tactile cues in the absence of hearing. It follows
that if deaf children can be taught the normal speech co-
ordinations from the beginning of their training, it
should be possible for them to be retained.
A second factor which may be responsible for many
of the errors reported In this paper is the method by
which speech is taught to the deaf. In this connection,
we may take note of the manner in which normal hearing
children acquire speech. Imitation through hearing is,
of course, the primary means of sensory control. In this
speech development process, however, vowels and consonants
are completely ignored In so far as their being considered
as separate speech entities is concerned; while syllables
and groups of syllables-combinations of vowels and con-
sonants-are babbled fro* the very beginning. There is
no attempt on the part of the child to analyze these
syllables into their component "elements". This means
that there is developed from the beginning a complete
SSB&am ***** the breathing musculature which supplies
the breath—the raw material of speech—and the artleu-
latory apparatus which controls and molds this "raw
material" into phonated syllables and words. Consonants
are concomitant movements in the speech process, open-
ing and closing the oral canal in coordination with the
chest-abdominal action, but they are never learned by
normal children as separate "elements" apart from the
syllables in which they function. The accepted method of
teaching speech to deaf children, on the other hand, is
Just the opposite of that by which normal children acquire
speech. Consonants and vowels are taught separately and
are later combined into syllables and words. Speech de-
veloped by this method is lacking in any dynamic qualities.
Sounds are "strung together" like "beads on a string",
without any relationship between consonants and vowels
other than mere Juxtaposition. Syllables under such con-
ditions fall apart as discrete units; consonants fail in
their dynamic functions and become passive positions of
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the articulatory organs with rather glow transitions
from one position to another. Instead of controlling
buccal pressures in synchronous coordination with the
chest action, thus releasing and arresting syllable move-
ments, they become passive oral gestures. As a result,
rowels are prolonged and distorted, the speech is breathy
and Is characterized at the end of a short phrase by
breathlesaness, (4,7).
She findin-s of tills investigation indicate a need
for a general reconsideration of methods in speech teach-
ing to deaf children, a reconsideration In the light of
advances of modern experimental phonetics and child
psychology. A careful consideration of speech develop-
ment of normal children suggests the possibility that
deaf children may be taught speech "synthetically", that
Is, by giving them syllables and groups of syllables
(phrases) from the beginning, rather than by the "analytic"
method which breaks up these units into consonants and
vowels. The results of this Investigation suggest the
advisability of careful experimentation in this direc-
tion.
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VIII. SUMMARY
The speech of deaf children exhibits varying degree
of ^intelligibility. In thia study the problem is that
of pointing out definite errors of articulation which
make for unintelligibility in the speech of a group of
deaf children, and to determine the relative frequency
of the recurrence of these errors.
A high fidelity electrical sound-recording device
was used to record the voices of the eighty-seven deaf
subjects used in this experiment. Each child was given
a group of ten unrelated sentences to read. Ho two
groups of sentences were alike. The sentences varied
in length from four words to fourteen words. The re-
corded sentences of each subject were reproduced and
audited by a mixed group. The group consisted of in-
dividuals who were familiar with the speech of the deaf
n.nd of those vftio were not.
Analysis of these audition sheets then followed.
The subjects were divided into A, B, and C groups ac-
cording to the degree of hearing loss. The errors
fell Into two main divisions, consonant errors and vow-
el errors. The consonant errors were grouped under
seven subdivisions, or categories, and the vowel errors
Into six categories.
The following number of errors was found for each
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of these categories:
1. Confusion of the voice-breath consonants,
-315 t or 5#.
2. Substitution of consonants,
-131, or 1.5$.
3. Control of the velum,
-213, or 2.k%.
4. Mal-articulation of compound consonants,
-269,
or 30$.
5. Mal-articulation of abutting consonants,
-97,
or
6. Hon-function of the final, or arresting, con-
sonant,
-292, or 9.3^.
7. Hon-function of the releasing consonants,
-424,
or 7,t$.
3. Substitution of vowels,
-391, or 6.5^.
9. Splitting diphthongs,
-27, or 3.^.
10. Dropping of final member of diphthongs,
-35, or
11. Diphthonglzatlon of pure vowels,
-64, or 1.1$.
12. Neutralization of vowels,
-164, or 2.4#
13. Nasalization of vowels,
-43, or
.63^,
When subjects are classified according to the de-
gree of hearing loss into A, B, and C groups, we find
that there is an increase in the number of errors with
an increase in hearing loss. The percentages of con-
sonant errors for groups A, B, and C are 1. 5, 4.g, and
6, respectively.
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Vowel errors for the three groups, A, B, and C
in terms of per cent are
.17, i.g5 , and 3.3 respective-
ly.
In conclusion, It Is suggested that modification
of the methods of teaching speech to the deaf might
increase the intelligibility of the speech of the deaf.
Papil Auditor
Grade ;Age ; Rao. No Adera
I 1.
2.
%
II i.
2.
3-
III l.
2.
3-
IV l.
2.
3-
v JU
2.
3-
VI 1.
2.
3-
VII l.
2.
3-
VIII i.
2.
3.
IX !•
2.
1.
2.
TYPICAL GROUP OF UNRELATED SENTENCES
1. The bag Ib lined with silk.
2. The bees gather honey from the flowers
3» She may not be at home this evening.
k. I made that table myself.
5. We have a new maid.
6. tfill yon give me some more candy?
7. I have a hole in my shoe.
S. Be careful not to break the vase.
9. I lost a pair of gloves.
10. We eat pineapple without cooking them.
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